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~~R~A.1~MECHANICALS!ZR3WG!K3l?ROPERTIES 03’ . ..-—
.;J ,—Z..a—<=_::-... “......, . . ._‘*..

‘&U~iINUMALLOYS 255–T AUD X765-h ‘,. .“”’”-““;.~....“;T=.. .. ..--- .

.- .—... . ..=.

. . -. .

5!”estshave been.mad.e to determinecertainmechanical
.-......

strengt”hp.roperties of 25S—T aluwidumalloY.” Res lts are ‘“””””~~
presentedfrom k-st+tic tests in tension”a“ndtorsion~end–

.— .---
ing fatigue tests employingthrea differenttypes of. ... ● .. -=
testingmath.tnas,.and from impact tests“ofnotched-@d ..
~nnotchedspecimensin k6kSiOh,as w~~l,as..from C_h9%y.Y..!% 1........–Q
pact tests qade at .sever”allow temperattires, Infarma%i“o.n ,.. —
is includedon the effects p“r.o.ducedhy ~r”epeat.eduhder–
stressingand by-.”~nodizing,an”d“acompari$ofii-smade of

.—.—_.-

the strengthpr.operties.of2’5S+3alloywith data pr.e-v,~ous=.:_,.:m_-
ly re.p.orted for the “X76S—Tall-oy: (See rbferencreQ, —– . -,-:.:

. . ... .. -,. . ---::,. -.—.—------.T:n”-“-=..—.-—. ................-+-
!We..resul.t-s...illdica%e -that:: .. -’.- .“ . ““..:~”~-~”l:~~.1”.:.’”-=~~.. .. ...---.=. k..,. , ,. . . .“..--.— ..._-.+
(a).:T”iefa??gue s.~~e.&~h-b“~.ma~~~u~ EQternat@ ‘“.j=~”‘“”.. “.-jj

stressthat coul,d:be.:endured.for...‘a.giveri’iiumberof “:YC1OS,
by notched specim.en,s..bf Iihe&e’allb’jsd’eat?~ased”mar~edly““

.-.----..

as the mean stress;,in.the .Gyclewas in’crea~e~~g te:qioq: .-._=__--_~. .
,. .:’ -. - --—..” ---- .-_

(b)“&he fati~e:’s;;e;gth af notche.d“,%S-_!I!‘-S~eC”’&-&~S‘.
...-..---+.’. —

--
was greater thanthat oZ.the X’76S-Tspec!nqns.when the ‘... .... ._...=_.=
nean stress,wasa tensile stress.. ‘ ..- ... .. .-._-.=. ......... -.. .:-=..:::: .,--

(c) The fatigue strengthof both’a~loys was greqtly .-,.=”.rY..;
decreas~d.”.by,~he .preseqee.,o$“a-notch in the-“spec-irnsnfd.-- ..__=x.,=...%

. . . -. —...- -.. -—

( d.). A .largzi.iirnbw ., ___
of cycles of ‘~nderstress produced

no great.orconsis,t.entchange in the firial..<atigue st.gr~gth”‘“ -“”
of ‘thesetwo alloy,s:..:- “

-., ..-.——— ....—
“---- —. ..

...- .. ...... “—... —r-..-

‘(6j‘.~~o~izing:jroduced a slight incre~se -
... -“~

in.“fat-igue
strength‘of~X?6i5-T,a.l~oy,but’did not af<eot the endur~”n;”e--“-‘-- ‘..,

.....-:

limit of the..2~S-Talloys ,.. -.—. ;.—,.. . . -—
.,.

-. ------- ..—..-

. -4
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The’prin”cipalstre.s~esdovel~jjbd.”’ikan airplanepro— a
peller 51aa.e in servicearise from two causes, namely:

. ..,.
(a) A steady s%ress due to the centrifugalloading

developedwhen rotating

(b) Alternatingstrbsso’s‘produc;dby flexur+ vibra-
tions of the blade.

Yor a typical aluminumblade these stead’ys}’r~s%esmay %0
as”nuch ah 12,000pounds per,square’in”chand superimposed
alterriat~~g’;tresses have be,en~-oundas high,as 20,000
pounds~er square inch’.

,.
The ‘fa&eside.of fh’eblade isfrequently scratched

or nicked.in.service, pr”o.ducingnotches ~hat act as ,:““
“stressraieers..UTheSe-no%che’sin the polished surface
are the -points.frogwhich fat~gue:f.ailuresof the?lade:
may tievilop.,.Hence~foz+design-pu&To.sesit is necessary
to know what,maximumalternatingstressesmay be super-
imposed’on eithertensile or,c.ornpiessiv~ern”eanstresses
of variousmagnitudeswith:out‘causingfailure of %h’p
notchedmember. It is also very d.esiwtibieto know what”
influenc?,the.repet.ition of a large number’o*,cyolspof
understress(stressbelow’than,endtirance’~irnit)will have
in,raising or low.ering.t~kend.ur’aqqeLir&itiof the metal
in ‘aprapell.erblada: Th”isin-formationi.sof importance
%Q’det”arminingwhether the ~er,viq?.stre6s6snormally on+- .
counteyed,,in.flight..wouyti.eve’htua~ly:damag6”’the.material,.
and:in‘“irif”erprating-.the “iesu,lts..”.of&abo&atorytests of
full-:si!re‘bladesin which thevi.b~;atorystresseesare in-
creasedby small incrementsafter definitetime intervals.
until failure occurs. .

.:,... ...

-The~ain ‘purposeof the i~vestigati.on,>{re~fi’rtip”orte”d
was to deterpinethe.fle.~ralfat~gue strengthsof notched,
specifierso-fan alumni’hum”‘Alloy’,designated.~ 25S—!l?,when
subjectedto SIX differentranges,ofstresg, ,andto com-
pare these values with the,fat$.gue.strengthsof polished”
{unnotched)spe.cirnemswithout”a,bru~td“ahge’-iusection. ..
TO give rath,ercomplete”’i.nformatio~on”the“mechanical
propeit$,esof this tietal~which is commonlyused for pro–
poller blades,tests were also nade to obtainvalues of
the static and impactproperties.

. .
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A.secondpurp,ose’df,.:theinvestigationwas to de-
terminewhether the endurancelimit “of”the metal“was
appreciablyaffectedby a large number of cycles of under—
stressingor by anodizingthe surface. Th6”~at”a“cofitained” ‘
in this.r,epor.tare the results of a continuationof the

“.seriesof tests reported in reference1 on X?6.S—!T!alloy.
The results.of further tests:ofthe X’76S-W”:alloy are also
given in this report..:.... “

.,., ;“”.. -.

The”tests reportedherein we.~ecori~ucte”dat ;he
.-

EngineeringExperimentStation,Uni.Versi~yof Illinois,
under the sponsorshipof the National Advisory Committee .—
for Aeronautics. The Hamilton Standardl?ro~e~lers .:. _
Division of the United Aircraft Corporationcooperated
ih the investtgat~onand providedmachined.specimens,fo~
a numb”bpof these tests. . . : .-——

Acknowledgmentis made to.Mr. O. C..Worley, Mr. G.
D. Chamhliss,and Mr. R. L. Brown, Jr. for their assist–
ante in conducting”the research.

...._.,’

MATERIAL ANti“METHOD~ ‘O;“TESTING
-.

,’

Whree typ’esof test were made on
25S-T aluminumalloy to determinethe or~inarymechanical
propertiesof the material as well as the fatigue of
strengths. These tests may be outline~’a”sfollows: .

.-
(1) Static tests.were made of notched and unnotched

tensilespecimensand of u“nnotchedtorsion specimensto ..
determinethe strength,stiffnessand ductility of the
metal. The term lrunnotchednwill he used throughoutthis
report to designatesp~cimenswitho”utan abrupt change of
section in the portion under test.

...=—. J—
(2) Impact te”stswere made of “no”tched~gd unnotched

tensile specimens,and OX standardnotched Cliarpybending
impacts@eciqenstat ordiharyro.nm,te”mperatu”ies“and.a-t.low
temperatures,;.to give ,80=0-indicationof“the.etiergyal+
sorbing capacityand of the relatitie notch“sensitfv4-tyof
the materialunder suddenlyapplied loads. ,.... .,,.

,,. ..,’ “;.’_.,... ,....!
-<.-.

,..: :.. .“
. !. ....-. .-.. ,.. “.”--- “-—- -—

.----:-— — -

.._—

.-. ;
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(3) RepOat;d lo;d”.(fatigue)tists were made i: 62
‘%hree”types..of t~,s~i.ng.,nachiri~,’’n~ely:’,.... . .. ..

‘.(a),High-6p?e~rotating‘cant,ileva~”beamfatiguo J

mackitnes. using (srpa~l)0~40-inch-+iameterround.syecimons

(b) Krous6‘rot-a-tifigcan~~lovo~beam fatiguomachin~s
G

using specimens0.26,-’inchin diamot~r

(c),,fi”otisef’lat platofatigu~.vachines whichsub-
jec.tedr,octdngularspeeirneqsto a ..’vibratorybendingac-
tion wftho,utrotating t:h9-,te.st.pi,ece..,’

Bbth riot%hed‘aridunnotcheds~ec_~m”en.s.;w,edotested in tho
.—

vibrato~y bondingand the Krouse.’catit~lo~er-beamfatiguo
—

machines;whereasthe high—speedXotqtingbeam ~achtnc~
have boon used only to deterrninbthe”ohdurancelinit-s
&f polishedu“tinotcb:ed.-.syecimen.s... ,,,,. t“: ’.”

IfQtcrial I’io,st.of~.t”hk””hs te IWcolnand test Sm.ectn.en-s,—’,-
reportedwere made on the aluninun”alloy that is “dosi~
nated and sold under the comnorcialcode number 25S–T~
The chenical~”c’otip.os,i.tion q,fthis ~210y was as follows: ●.—

. .

,.

Percent,.. .,. ...,. .. . ..’.,-... . .,...-..,Copper ‘“~,:~.:”‘ ~:28,..“..;,.,. ...-, .....-.’.. .. .
,, .Ir~n’:‘- . .

Aium~ri~’‘ .. . “Balance.
.’, .,..

., All specimqnstestedwere from the sane heat

+--

.—

.—

of
metal tkat–was“hotrolled from “a12- by-l~inch Ingot,
to round bai’s1 ifich~in diameter. Thebars were then

8

given a...solutionand ~rec’lpit.atton gardeningheat treat-
ment by holding for.10 hours at 960 Kqu=nching in“cold . L
watel”, and ~gihg fol”10 hours at 340°-S?;

.’
Several additionaltests on X’76S-Z?alloy were also

nade to study the effectso~-zuto”d~zingand of repeated
.

understressing. The detailedchemicalcompositionand
heat treatmentof the X76S-T alloy were as follows:
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, .,‘,)- .... . ,.
., b, ercent ,-. .... . ...... ..,. ,,- ,,....,

.-O~, .:,:-copper : .,,,_?:.,_.L. .. ... .:____
.,,., . . ,.. .

:7;6 :‘“-. “;:_,;-=>“‘,‘:::zi~~~.::’,:, .: .,_
.,.. .-. ...,.

Magnesium 1.*6.,.,,.,..:. .
lIangari&se” - .“5,-’~~ -

,.
,.,. . . .. ...,, ......,. .-... .,

“’-”.-l’~ ‘:’-’-.”” .Tt,yaniUm’-. ‘“”, ,.. ,.-r’
.,.,.. . .- .

...,~r.on . .. ...5 “,:”‘“-,“ .= .“-
.. ,.,“.’... . ., . .

;25”- “’.SilicOn, , , : ---- .. . .
,,

Aluminum . ‘ B@l~ce” ,
..

‘All”specimens te”stedwere fr”ogt~e”same.heat.07

.

. ...— —,.-
...+

.“

-—
—.-

.-—
—..-

.— .

metal t-hat-was:reduced,’%y the.la~estm~thod”sof process- “-–. ‘-,’,
ing; to bars.1 inch squarq which we>b.’su~~”equent,lyswaged
in a pair of.swagi.n’g&ies %6.1 inch’d’iameter.rbuna. ‘-~be
bars were then given a so.l~tion and.?~eci~~ta>ion hardea-
ing,heat tr.bat~ent’by’h’ol&fng‘for10 hours a“%8.60°~,
CfW@chaag.in.wateri -“-&hiiaging‘for“12”hours at 275° S?.

—
, ..:.-,,.. ... .,“.,,’’--- .. .. .’,...,....-. -. ....+-_...

~h~ d..eta~lsof the’3fie5@ensu~bi-{or’”~h’e””or~+riar-y
s~&~~c~.tens9.1e-tesisto Ctet6rmin6the physical!prop~rties
of,.th.e.unnotched.4peeime&s-areshow in “f’i’gjtire”la~ and
.thetype Qf notch6d specirne+us?d“’in~tfi~st?@i&.t6n:~+e
test is Shotiriin.f igure”1<% Thre+”sp’ec;men~’”OZ Qach,Qf
these3w0 types ws~e.’te~tedinan AmslekHyd.r&Ulic
..Universal.Testingj.iachitiehdying a cap~cftyfiof“50~000
pOunas. Additionaltests wer6 also ma~e on-tensilesyeci–
mess,,ha~in”gthe sam~ nominal’“diameter’as:}Iiaiin “fi&re
l(a>lvt hav~ng an.ove,i-all‘Ibfigthof*&boutlIA inches so
that an8-incligage”le’ngth”cotild’be‘employed-:”.. - ~. ,..+.. .,., ., .*.4-.:. ,=-- --,.“

Inf i=are.l(c).is shotin-“thetypq “~f“specimen,use~ .Fa
determinethe static“torsional”p.roperti.e~.of the ma~G~”ial.
The.te.nsileimpact.specimerisho’wn:.ik figur,e‘2Aj~asp-o-l,ished “-—
with.No.00.~er.gy’paper antLthe‘di~eter o-f~ha syticirnen
near the center was reducedabout 0.003 inch less than at
the ends of the 2-inch gage.l.eng.ths. —— _ _.,..=

.. -
The notched tensile hapact specimenshown in figure” -

2(~),cqntai.neda notckt machined with“a car~~ful”ly-groundtool,. ,.. .-,.. .. . ...,. . .. ...... ----- --,,, -. .-,..’,.. L—...-
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.

that was cheokedfor accuracyof alla~eby examiningin a
metallurgicalmicrosco~e at 100X.

k
This notched impact

specinenwas geometricallysimilar to that of the notched
statictensile specimenin figure 1(Q;.The notche~ bending ●

specimenused was thestandard Charpy impactspecimenof
the dimensionsshown in figure 2#9

.
The types of specimenused in the rotatin~beam fa–

tiguemachines axe shown in figure 3 and those tested in
the vibratorybendingi?atiguemachines ars shown in fig-

Those specimenswithoutabrupt change of section
~??~,4&, and +@) were all polished longitudinallywith No.
SO emery paper and oil to remove tool marks and circum-
ferentialscratchesbefore testing. All of these speoi-
mons were yolishedby.one man to assur~uniformityin tho
polishingoperation. The notched specimens(~~,’and~b~)
were cut with carefullyground tools to absurd’ uniformity
in depth, angle of the V-notchj and radius at the root of
the notch~ “onall specimenstested. Throa faces of.the
notched specimenin figure

??
were’polishedlongitudinally;

tiheroot of the notch~and t e face containingthe botch
were loft in.the originalmachined condition. “. . ,,

Thci-nominalstr~ss in-alz fatigue specimenswas cal-
culated’byueing the ordinaryflexure formula? s = Me/I,
in which s is the flexuralunit stress(lb/$q in.) M
is .thdbeading n6m6nt at thecritical testsection 3

(jn.-lb), c is half the depth of,the specimen(in.),
and 1. ig.tihe,tiomentof inertiaof the net’cross-sectional
area(in. ): Xor.those,specimenscontaining notches the
values ofstress..given in this report are those at’the
root ofthe notch comQuted.by the above formulausing the
valuas,of c ahd I for.th.eminimum cross-sectionalarea.

.“. .. .. . . . .. . .,
The tests of r~tating-%eam’fatiguespecimenswere

made i’ntwd Krouse, 1201inch-p6undcapacity,cantilever
maclii.nesof,the type sho.waih figure 5, whioh.were operated
at 6000 rpm. Also enployedwere four smallhigh-speed
oantilover beam mach5.nes ofthe type shown in figure 6
“thatJwel*erun at 10,000 rpm, The vibratorybending fatigue
tests woremad,e in six Xrouse Ylat P-1ate Yatigue machinee
of”thetype shown.in figure 7, which were run at 1750 rpm.

.

-.

F

RESULTS’Ol?TESTS
,.

.
Static tests.- Lower portions of”the tensile stress-

strain curves for three unnotched specimensof 25S-T allc)y
are shown in f-igure8 arida typical complete stress—strain
diagram for one of these is shown in figure 9. The results .:

. .. ..-
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of these three static tensiletests Op a -~-iqchgage...-.”.
length and of three-additionaltests an:a S-inch gage

.=

length are tabulatedin table 1.. The tensile tests.wqrp .—
carriedout in accordancewith 4“,StT~li,..Stand&r+.~Iethods
for TestingMetallicMaterials, designationE8-36.. , “.

For purposes..ofcomparisonwith the,25S-Talloy the ___
averagepro.pertigsof.X765-T alloy as obtained in ,the.
previouslyr.epor.tedseriesof tests havebeen added to ,

each“ofthe tables giving~the resultsof statiq or iapact
tes’ts. It will be noted in table I that:the 25S-T alloy
had lower static tens~le strengths,hut slightlyb~gher
‘ductilityand modulus of elasticityth~ the X76S-T alloYa

--

,.. .. . ..,
~.The Briae”llhardness,using 50@-kil.ogr&.,and 10- “..

mil~imeterball of the.25S–!2alloy ranged from 102 to Ll~
in the various specimenstested“and,averagedabout 3Z~;’
The‘X765-Talloy had a higher.averageha~driess$1.46%rinell,

—

than the other precipitation,h~dening a.l~n~nunal19Ys..
. . . . ,,, .

?Chegreaterportions of.th~.,t..ensile.‘it.rf3S_s-Stra,in.
curves on no%ched s.pecimensare shown in.figur,e.‘10.,anti
the”results of,these.,threeindividual~.e~.tsare sumgtirized
In table II along with the correspondingy.al,uesfor X,76S-T ___
alloy. The relativerati~ of strengthsshown $n this.
table for each metal are of approximately the same magni-
tudes.’except for~~the very htgh ratio cf.,yield strengthto .
ultitiat.e strength exhibitedW the X76$~T al.loY. The.i.n-
troductton‘ofa“notch in the .s,tat”ic.,t.”=s~le.:PPec.imen~of
X765-Wuallo~’:also tiarcsed‘a‘mtich:gr’eater propor.tio~at.e10Ss

—

“in percent elongationthan did the.s~e..n“gtchin specimens
of’25S-Ts..’ - . . .“>. ; -: --::. .. --”-= - .“
, . ... ,., -.,.;.-...”.” -=.,-,-.--,.....”..:””

Static torsionte\sts,.wer~rna~e.of:.Wree.soliid.“;y-ecj-
mens of the,type“-shoirn,ia.figur-e1{~ The lower port{oqs
of the tarque-twi.st ,cur+es-.&or ,“these:tests are shown iP.
figur6 11.’ A suamary“cf.the data obta$uqdfrom,th.ese,.
threb tests albng with siailardata for &7”6.S-Talloyis ‘--
shown in table.:IJI.~Here again the,gield@~engfih<o-r
X76S–T alloy was a much higher proportionof the ultf-mate
stre’ng%h,as r,epresen%ed:3Ymo@3us.:.ofrup%.urethan for
the 25S-T alloy. However, by cqmp~iqg tables I and ,111
it till henot~d,’,thabthe nodulus.ofrupture of 255-T in
torstonwas ,agneat,er proportion.ofits static tenst,le
strength,than wasttie case foy .the,X,76S-V. ..

,, , ,., . .,-., . . . .—
Irlpact%isti.-”The tqnslle impaa,t:t”esj~were mq+a .

.: “ina standardGharpyfiachinehavitiga .~capacityof 223
.’ foot—poundsequippedwith spec”ialauxiliaryspecimen

grits containingsphericalseats that were deeignedto
6 minimize bendingor sccentricloading on the specimen



8

.,. ,,.

durihg t-bst“.;“;Teq,sile:imp~ct’!,t6sts were made both at .
room % em.pel”ature(~8.0.~3)-,and.at a ‘lowtemperature
(-4QQ’y l&’”a.) ~-e it.wa:s,t.eltthat any change in proper–
ti,es of the metal that,would.,be~nduceclbY low t@,nP.era-
tures would be.of importance. “ “

,..
Oooling of the spe-.ctien-.to.,the10.wtemperaturewas

accomplished%y immersingthe pendulm”m,test “speciment-’
“’and attachedholders‘ina.l)ath.of acetone containedin”a
specialinsulated box. The e~tire bath was co~led by
addiag dry ice until.bhedesired.tempeyaturewas o%tained
and the bath was then ~aintained”-atthis temperaturefor
at least five minutes before testing the specimen. Previ-
ous calibrationtests in which readingswere-takqn on
severalthermocouplesattachedto a specimqpindicated
that this was a sufficientintervalof time-for these
small specimensto reach a uniform temperature“equalto

that of the bath. In performingthe actual test of the
specimenonly about 4 secondselapsed betweenthe re-
moval of the box containingthe coolantand the actual
fracturingof.th’~specimen;hence it was felt that the

““‘temperatureof the specimendid not changeappreciably
previousto testingsince it was surroundedby relatively
heavy masses of metal cooledto the same temperatureas

“ t-hebath. ,.,. .-.

!Ch6test data showingthe energy required to rupture
eaeh specimen-testedand t~k average values obtainedfor ,
each grou~ of specimensare shown t.ntable‘IVfor the
tests at /80° ~3’ and in tableV for the tests at -40° 1?-
For -purposesof comparisonone may regard.”th.eenergyre-
quired to rupture the unnotchedspecimens(column 3) as
indicativeof the impact strength,and the percentageof
elongationand reduction of—area(columns6 and 9) a6
measures of the ductilityof the materialunder these
conditionsof testing. A ratio of the“valuesobtained
for not~hed specinensto those for unnotched specimens
given in colugnns5 and 8 ~iveq a rough measure of the
notch sensitivi~tyof the metal under rapid loading.

Yor a rough comparisonwith the values of 26S–T
alloy listed in tables IV fid Y there is included.a new,-a set of data for X76 -T alloy tested under the same con-—~ ditions.-, $(The prev ouslyreported tensileimpact tests
of unnotched specimensof X76S-T alloy were made on
specimens0.25 inch ~iameterinstead of 0.20 inch diame—
ter, as in the present“tests.) (See reference1.) It
may be seen that the .25S—Talloy @pecimensreq,uirotm-ore

. .
T

.-

d.

-.

.-

-.

—

*..

I
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energyto rupture than those-of the X’76S-Talloy. The
ratio of energy absorbedby the notched specimeisto
that for the unnotched specimenswas also greater for the
25S-T alloy indicatingthat this metal was somewhatless
sensi.ti.veto the damaging effects of a notch”thanwas the
X76S*T alloy, —..

The average energy absorbedby all specimensof
25S–T tested at#80° 1? (see coLumns,3 and 4 0~ table IV)Y-m
was below that for the specimenstested a% —40 1?;how-
evers the X’76S-Talloy showedno appreciablechange in
energyabsorhtngpropertiesover this range of tempera—
tures. A comparisonof the averagevalues listed in.
tables IV and V thereforeleads to the conclusionthat
the 25S–T exhibited.practicallythe same-ductilityand -

—

notch sensitivityand slightlygreater ener y absorbing8capacityin the tensile impacttests at-.4O F as ii did
at roon”temperature. .—:, ....-

The results of a series of notche{”lak.CharTy ~end- -
& tests at temperaturesranging from#70° F to -7=
are shown in tableVI. The Charpy Specimensof 25S–~””””
alloy exhibitedpracticallythe sane energy absorbing
capacityat –40° 1?as at room temperature. However,
there was a pronounceddrop in energy.absorptionby thei
25S-T specimenswhen the temperaturewas dropped to- “ ““--
–70° ~. .,.. -..——. .-.

‘~ comparativeVicture of the results of.some of the
above impact tests is shown in figur”e12. Ferhap&”tliA,~
most interestingfeature shown in table VI and fi-~ur-a-12 ““-
is the fact that the 25S-T specimensabsorbed“frou-ihree
to ,four.tinesas much energyas the X’/6”&Talloy in thq”-
Chs,rpybending impact tests. Even though the X763--Thad
a quch greater tensile strengththan 25.S-T~it thkrefor~”x
exhibiteda much lower strength.for a sebv”iceconditlon ,
~n which a notchednenber would be req,uir”ed”-~owithstand
a relativelyrap’gdor inpact lpadigg. l?igure12 also in--
di.cat~sthat all of the averagetensile ~iipati%’”properties
of 26S-T.weresltghtlysuperiorta t~,0s_9..ofX.~Es-T~.,.= __...=..

Repeated l~ad tests for completelyreversed lending.—
The results of the rotating-beatifatiguetests of unnotched.-
specinensof 25S-T aIloy are shown in the-S-N curves of
figures 13 and 14. These figures inclydedata fqom two ———
differenttyp~s of testing ntichineoperatedat different.-
speeds, Figure 15 sh.owsthe results of tests of rectangular,.
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sp.ocimonsof 255—T in the vibratorybonding..f:~.tiguoma-
chineswhich tept.s:wore nade at.-th~..,rato.,of:1.7,50CYC1OS
per ninute. The ,eVdurance”:linits:of~thesogroups of un-
notchedpolishod ypecinenshave boon‘s.galeda,s.the ordi~
nates to the IS-N.cur”vosat 10 nilliou~ LOO uill.io.n,and
500 nillion completelyreversedcycles of stros.s:.:andaro
listed in table VII. The enduranco.linitsfor the vi–
br,atorybe~dingtes”tshave not boon carrriodout to 500
nillion cycles of stress %ecauso of tha oxcosslvotino
requiredto run these nachines to such a largo.nunborof
cycles;about‘se~ennonths tiue would bo required to run
ono specinon to 500 “millioncycle80

—.

.—

. --
-.

A com~arisonof the enduranctilimits listed in tablo
VII for 105 million cycles of stress indicatesthat tho
differencesin tialuesobtainedfr@ the throc typos of
testingmachine were not groat and that theso difforoncos
are consistentw~th the variat iotis commonly ohtainbdfrom
fatigue+testresults. Test results of several investigat-
ors have indioatedthat small specimensof a metal often

.—.-

exhibits,higher endurancelimit t,hanthat obtainedfrom —
tests of larger’~pecifieas.

—
Also severalgrouys ofitests

of rectangularvib~atory bending specimens of steels,
.

exanples of which”~represented in,reference2, results.
in slightlyIower,en&urancelimit-s.as..compared..withthose #
obtainedfor round specimenstested as rotating beams.
It will be observedthat the endurincelimit of 18,000
pounds pel”square inch for the rectangularspecimen,
basedupon 100 millign cycles of stress,was only 1000 to
2500 pounds per square inch-belowthe values obtainedfrom
the rotating beam tests.

In the previousreport on X76S-T alloy it was found
that tha rectangularty-~especimen.of this metal had an
endurancelimit ofonly 16,500pounds P:tirsquare inch;

.. —

wheras t-haendurancelimit of thre~ types ~f round syeci-
men-variedfrom 22~0”00to 24,000pounds per square inch.:
l?odefinite e&planation for this great decyease in s~~ength
of the rectangularspecimensof X’76S-Tall-oy~has&,epn..,.

x-

found. Three subsequenttests of X’76S-TallQy wQ~s:rnade
with specimensthat had the “sharp~rojectingcorners .-
rounded and”polished to l/16-inchradius., One of:jhese
specimenstested “d~22kO00 pounds ljers“quareiEch ran..ovor
100 million CyCIQSwithout fracture; wh,e~?_as.lthe other *WO
specimenstested at 25,000 and””26.,UOO pounis per square

..

inch failed at ozilyabout 300,000 cycles”which was slight- ‘- “’
lY short of .thono,rmajS-N curve for the r,estof ~he
recstan~larspscimend.ir.~Th3s scatter of data,”together~~th
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with t’hatobtainedin the originaltests of the rectangu-
lar specimensof X76S-T,tends to indicatethat *her-@may
have.”%eeamechanicaldefects such as inclusionsor _hi,gh
=esidualstress present near the surface ofthe origfna.1
bar,stock.-.If such defectswere present~they w.ou~dhave
a tendency to decreasethe fatigue strengthof the~larger~
rectangularspecimensmore than theywould in the,case of
the,Small round specimens. ..

.. .,.

In the lower portion of figure 1,3,is_plo~t8dt.~eS-N
curve for the rotating ‘oQamspecimensof.,2.5S—Twith a;.:~- ‘-‘
notch. By scalingthe ordinatesat 100 gilliqn cycles of
stressthe values of the endurancel$miis were obtained
as .19,000 pounds per square inch for“theunnot.ched speci-
mens,and about 10,000 pounds per square“inchfor the
notched specimens. By using the ratio of these two erL-
durancelimits as a measure of the factor of stress coti-
centration k. caused %y the notch, a value of k = J*9
is found. However, if this calculationis based on the;
eniiuranc~limit at 500 million cycles of stre$sJa ~due

ofk= 16,500 = 1.65 is found. These values indicate
10,000 .

that the IIof”the “25S-T alloy was small—IInotchsensitivity.
“ er than that of X76S—T for which--alloya“value of .,

St k =,’22,000 ““=,,2;44 was”,,oiltaitied at 100 million “cycles-of ‘“,’ 9,000 ,.

stressunder the same“conditions;

In figure 15 is shown the S–N curvo for the rectangu~
larvibratory bending spocinensof .25S–Twith a V-notch
testedunder completelyreversed cycles of str,e.ss.. Here
again the apparentstress concentrationfactor at 100

18 07)0~” ~ “million cycles of stress,w,ask = ~ = 2.4. This
.7’,500” . . . .

7..,.
Yalue.Zs slightlyhigher than the value oX. k:= 2.-2 0%–

tained.under the sm.e conditionsfor the X76S–T alloy..,
However’,in this latter case It i.sfelt that the reason”

● for the low”er.value of- k for the X76S–T alloy’was due
prinarilyto the abnormallylow value of”.’on-dimanc6 limit
that was obtainedfor theunnotchedrectangularspecimens.

~ I-nfact,,the.notched.r.ectan’gularspecimensof 25S-T and ~
of X76E&T had exactlythe same endurancelimit at”100 .
million cy’cle~of stress even though the static tens-ile-----.. .

.-

.—

.—. .

—

.

—



-strengthand rotatingbe~} endurancelin.i.tsof.p.oli.shed
specimens-of X76S–T!w~r’egreater ~nan.thos~of.the 25S-T
alloy.TiioreQver”,,,the I@@sQ r.otatin~bean specimens of

25S-!Ibad a ‘slightly“higherendurancelimit (10,000 lb/sq in.)
than ~id those of’%heX768+ alloy (9,-000lb/sq,in.).

.. . ..
Fur-ther fatiguetests wore made of.yotatingbeam r

specimenstreatedby HaniltonS,tandardPropellersConpa.py
to study the effectsof anodizingthe surface of these
*WOaxloys . ‘The “results o“f these teets are shown in the
S-N curyes of f.i@res’.14.and 16. It will be o%servedthat
the S-ITcurtie‘farthe 25S-T alloy:waspracticallyunaf–
fected %y anodizing;whereas the data for the anodizing
X76S-T in-figure16 showed considerablescatterbut indi–
cateda strengtheningeffectthat raised the endurance
lin:itabout 3000 pounds per square inch to a value of
25.,000pounds pe& squareinch at 500 million cyc”lesOR
stres13..Hence, it nay be concludedthat the surfacq-ef-
feitsproducedby ario”dizingdid nbt lower the fatigua
strbngthbelow that of polishedspecinens, aildmay actu-
ally prove beneficialfor sone typos of alloy$.

~ects of range of stress on endurante linits of
~atchod root~~ular smecinens, — To studytheeffectofrtigoof
stress on the endurancelinit of specimenswithra V—notch,
tests wore made in thb vibratorybondingnachinos with
specimenssubjectedto a mean or steady stress on.which. ‘
was superimposeda completol~lreversed alternatingstress.
Six differentendurancelimits wero determinedco&rospond-
ing to three diffqrentranges-inwhich tha moan stress~
tho root of the notch was a tensile stress,two ranges in
which the mean st”rbsswa:scompressivestress,and’one range
in’;Thichthe mean”stress was zero (completelyrev6i’sed
stress cycle), ..

., ...
T,heS-N curvesfor stress cycles in which the mean

str”ess at” t?;e notch was a tensile stressare.’shownin .
figure 17, and the S-ITcurvefor the completelyreversed
stres-s.cycle is shown in the lower.po.rt@n“o-ffigure 15, ..
The,.eidararicelinit~ for thes.~four stress’cycleshave
been.o%t.aitned.by -scalingthe.ordin.at.es,:to:
at”.100-million cycles of stress and these
Shoiw”h.’imtable VIII-for 25KWC,“’.,- -

. .’. ‘:-
Xor the two “ra~l,gesin:which.,t~e..-qeran

at the“notch was“a c.ompreseiv.estr”es..=:the

the S-N.curves
values are .
... . ,-

,,. ,.
or, “steadystress
spec~.mens.de—

vel’ope&cracks at.”the ~.ootof the q-o,tchbut did not ,corQ—
pletely fractureevetithough subjectedto a large numl’)or

.

..-:
s

~..

. .

. .

.
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of ,cyclesof superimposedalternatingstress=.Photo-.
graphs.of some,of these crackb showi”ngviews “lookingdown
into the notch,are.pre’sen.t~ti.infigure 18. The’small
dark areas’in”these figures are regions where small Pieces

.—._

of metal have cracked out and ,spalle’d,off, %ut this span- __
ing occurred onlyfo,r specimens tested at relativelyhigh
stresses. .. ... :. --

.... . ,, . .
“Y,or specimens.’““tested at 1~.werstressesthe cracks

-.

formed’were ver~ small,.andcould not be seen without the
aid of a low-powermicroscope. Hence the fatigue-test
data couldnot be interpretedin.t,he usual ma,nnerby
plot.ti’ngS-N diagrqm.sbased on fracture of the :pecimen~
and go definite,indicationsof f,atlureof a spe,cimen were
evidentexcept f’o.r‘themicroscopic.c.racking.at the aot>h- . .’ ,.
ConsequentlyJit was decides”to ass@e arbitrarilythat
cracks that could be se~n with”a 40X microscope consti-
tuted failure of tispecimen. The endurancelimits wer9 _. __
thus obtainedby plotting in fi.~re.19thq~proximate
number of cyclesat which the first crackswere visible “
with the low-powermicr,os”cope.~he values of e“nduranoe
limft for 25S-T determined in this manner for the two .
compressivestress cycles’are.list,edin table VIII.,. .,,.. .-. ---.-

The effect of the range of s-tresson the endurance
..-

linits of the V-notch spe.c,imensof 25~q. @JoY ls ,~~luS-.._ __
t~ated in the m~dif’iedGo.o,drnandiagram offigure 20 o%
which are plotte”d~he il.dta.of’“ta~leVIIi...@ this“dia–
gram the ordinatesrepresentthe miqirnumstress (Smin)
and the rnaxim”~rn.stress (Smax) of thq s.t’%.?s~,,cycleJand the..
abscissasreptie=entthe correspondingmean stress-(edge—
braic average of Smin and Smax). ~or any given mean
stress the algebraicdlfferehcebetween Smax and S’min
represents‘thet~obalrange:or doublem,amplitude of the
su~erimpo’sei“:alternating stress that .w.zllcausO fa~Tu—r~–”–- -. ~_
after approximately100 million cycles of stress.

it will”be obse”rvedt’hat”as the algebraicvalue of
the mean stress in the cycl~ wai decreasedfrom a large
tensile (+) stress to zero“and,thenceto a “cofijjre~e

—

(-) stress, an appreciableincrease 6c.@rrqd in.the total ..._. _.
alternatingrange of stress’required to”cause failure.
This is shown more defiriitelyby the curve-in figure 21 ~-

Qin w ic”htheordtnates indicatethe total ti,lternating
stress range (Sma”+smin)

4
and the ab~c,is~as.representthe.. ,

\
... .
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corres&ondingn’ean“stress-”in.;ea”ch:.cycle. The tlat~previ-
ously o“bt~iaed.iiitekts of”:M+58 &e also platted in figdre
21 for direct compafiieo.n .wtlththe 255-T,alloy.-

\g........ ..::,.:.‘:4,.,...,.:. .
“ &o=s-ifl-3s+g~thes.~.data:and”.t~~..f.a~tthat no frac~

t’uresoccurred‘inthes“s~~~m‘n~tested w$~h.conpressive
nean stue.sesat the no~ch,,,~%-~s”evi.d.ent that both alloyn...
can withstand considerablygreate>magnitudesof sup’eriu-
posed alternating’s%”resseswhen the mean stress is de-
oreasod frou a .ten”slle to ..a:compre”s.s$.yestress.

. . . . ., ,.

affect of ti”eyea”t.ed.under’stre’ssia”~on %he-fati+zu~1
st&ength.— Two types.of”testwere.made”im the..rotatlng
beam:tiachinest+.&6”t’&rnine“thti””tiffbct‘prodticedon th6 fa-

‘ tigue strengthof t“hesb‘two””&uminu”ti&lloysb~.refieatod
cycles,of understressirlgo.1’stre&&es -belowthe endurance
limit. These tests’may be %ilaf’lyoutlinedag follow~:

& ,(.a)Tests in which a grou~’~f specimenswere su~-
jec~od to 100”million cofipletelyriiveiskd’cyclesof a
givga stro.ssb~.lowthe normal S—N’curve , and the endur—
ante .linitof–-thegroup“ofsy.eci.~pnsthen.”detiorninod.I”n
the h’suklmanner. “Thisseries of.testswill %e referred
to as ,Ilpro,stross,tests.it,,, ,,..

(~) Te,s”tsIn tihicha sp&’cimenwas,“start~dat a stress
somoyjhat..%eXow,thi’.endurancelimit ah~ the hagti”itudoof
str,oss”:was igc’r”e~sod by.‘“asmall“increment”each tinb “tho
s’pec”~r]”on’had been $tibjected”t%’a d~fi’n”i%G-””ilurnhorbf com-
p~et’e~yrcWOrsti’’cyclf3sof str”ess.,“Tko.inc~enontsof
both stress and.number of cyclesBmployqd.in.thq.tQsts
wero vari.easomewhat, bqt in many Gases,thestresswas
i~creased%y ,2000pounds per,.squabq.“i,ncheach time.th”o
specimenhad.hgon,sqbjoct~d“to100”million cycles of
.Etress. Thesetests of’individualspecimenswill b’eV“e–
ferred to as t.lietrste~—Upl!’teStS...

,,
., Z!heresults. of the prestr~ss” tes”tsof 25S—T alloy
are i>lottbdin the S—N di&ram of:fi@re 22. The indi–
yidual plottedpoints in this ftigureshow’t“~e.firial
stressaad number of.cycl.esfot failure of a specimen
~fter %eing}originallyprest’re’sse’d.at stressesof 15jOOO)
1(3$,500, or 18$500pound’sper 6qva~e inch. “Alsoshown
are the.points obtainedfor’t?”st6‘of ‘specimenswithout
prest.re.sslng;tha,tis}t.h”eopen o;ir’cles show points that
were previouslyplotted in thelower”half OS figure 14
to baternineth~ normal S–N curve for 25S-l?, The broken

\
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curvesoutline th’~s“c+tt”’erband obtain~.din,:tq’st”s,of the
unpr”estresqedmetals”””ati&i.t“will“be“obs”ery.e~that prac—
tically‘allof the -p’restresstest res”ultsfall within

‘this %anda Hence, it’may be concluded.t,hat,the-pre-
strbssingemployed(for zQC)million a~cles),had no ,effect
on the fti’tiguestrength of:ths 25S—’Tall,qy.’
., . ...’. .’

‘Figure23 shows“theresults of the p~estresstests..
of X7”6S-Tin a som’ewha~similu’?n”anner..‘Inthi,scasje,
however, the result-s“ar”ecotiyaredwith“thenormal”~–~
‘curveforthe ‘X76S-T alloy “astraced”d&eet Iy from the”
curve shown in tlielower ~ortion of figur”e16 ‘for’:,the,,un—
prestressed”metal. Siricethe”scatterban,d“for‘the,un-
treated X76S-T viasrat-hernarrow, the “dataof ftgur’e23
indicatethat the,,fatigue strength of .X76~-T=~asincreased
a small amouht by the pre’etressingeriploysd.&h6”endur–

“ante limit at 500 milli”oncycles”‘ofstr”eskwas a~p&.@itly
increasedabout. 2000 pounds per square’~nch %y’pre-”‘,:
stressing at 20,000 po”undstpersqtiareinch and wa”BL,in-
creaaedabgut 1000 poluidsper squa”r”e”inch 3Y. prestr_tSsing
at 21,00.0poumls per!squ’&re‘.inoh,:These.effe-cts’“are”
rather small, but in “generalmost of the”s~ectia~nsof :
.X765-Y tha’twere pr~~tr”ess~dran for.a considerably’ “
greaternumber of cycles before fracturethan would be
indictited..by”the:normal S-E cukve for tfieutipres%’ressed
metal.. ..“~~““+’-=:“ “ .:” :“--“:”.“.”: .-”.-. ~... ~ ....,... ..- . . .-, ---------—-—

,. The r“esu”ltsobtaingilfrom tha ste~u> ‘testso<’in-‘“,-
dividual Specimens.are sho-w’nin t,a%le-IX for b,o-ththe=. —
255–Tand X76S-T alloys. As m-ay‘be.e“~edted~thes”er’e”
suits of fatigue,testsof individual-specimens”,showed
considerable.sc”at.terin the’number “of”’CY’C16S”~sustairibd
by .s,specimen b,,ef.o.refractura.‘ “

.. . _- _... ...
...-

The data in table IX for the step-uptests of ~
notched specimensof 255-T.alloy have been plotted in
figure 24 along w-i’thtie nor-m~l“~-~”.c’uZP6“for”Ehe”metal
(which was previouslyshown in fig. 14). The open
circlesat the lower ends of the.vertical.,lines.in figure
24 representthe-magnitudes”‘ofstr6ss”at,’which,each specim-
en wak ‘first~%artedf ad. the:incrementsof incr..ease‘in
stress(aftei ‘&~ch100,millio~,cycles),~e shown by the
bars’crossing these vert”ic~l~”ine~. The points.‘plo%.t&d
with s-ol.id”Syrnlo’ls‘in@.i’catethe maxibuinstress“b’efo”~e”
fractureand the num%er’of cyclesat t’he.maximum”str”ess
tie~u+re,&to preduce ~$”actur”e.The.o~e~ syub.olsplott”ed
:on’the right”’h’andside”re~resbnt‘the-ioial numl)erof
cycles of stressresisted by the specimenduring the en-
tire test.

—
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It wil”lba ols’ervedthat the total nupb,erof cycles

.

of”“S’tress-:susta’inedby each 255-T specimeain the step-up
testis‘was‘fiuchgreater than had been obtai.tibdfr”omtests
of,thi$normal-a”etalwhen tested only at Q ““c~onstantstress

~..

having a magnitudeequal to the maximtimStreps reached
..L

during the step-up t-=sts. On the o%herhand the life of
nearly every step-up specinenafter the maximum stress --
had been reachedwas somewhatsmaller than‘hadbpen ob-
tained for the normal S-N cur,ve.The fact that ftve of
the specim~msfafled at 20,000pounds per square inch
would indicate“thatthe larg,enumber of cyclesof pre~i-
ous understresshad damaged these specinensa slight
anount since the metal would normallyhave run a full 10.0
million cycles at this stresswithout fracture.

‘ However, when the data in ‘tableIX for the step-up
tests of the three~~tched specimens,of25S-T are compared “
with the S-1?curveplotted for the unpi.estressedmetal in
the lower half of figure 13$ it,i.sfound that these three
specimensran for ab~ut the same.numbbr of cycles (at tho
maximum stress)as.the “unpresti-e.ssedspecinons. Hence
the fa’ciguepropertiesof the notched specimensof2~S-g
ap~earedto.beuna~fected by the titiderstressingprocess.

-#.-
.

. .

AS”a besult of all the.ste,p-uptests it was concluded .
that in generalthis type of tinderstressinghad no con- .-
sistentef,fectIn either raising or loweringthe number .
of cycles”which a specimencould withstandat the maximum
stress bef”ol*et%iltire.By disregardingthe prev-ious
stresshistory ahd plotting only the number of cyclesat
the maximum stress,the poinbsusually till within the
scatterband for the unprest-ressedmetal though there is
a tendencyfor sore scatterof results *O be obtainedby
the step-upmethod of test.

DISCUSSIONOY RESULTS
.“”

.,. ,.ri’
Ferh’aps~.theqost.f~po~tantre.s.ultsof the tests aro

thOse showing the effects of ~ang~ of.stress on the on–
durancelin.itsof notched specimensas presented in table
VIII and in figure.21. 1?When sub~ec ed to a service condi-
tion such as t.hatiin an airplanepropeller, where the
face of the bltidais often scrat-chad”ornotched by stoneg
strikingthe blade, the fatigue st.re~gthof the netia-1in
a notched condition“is of primary“inportamce.Moreover,

.
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the stressesdeveloped in a propeller~lade.~arYover a -..
rather,wide range dependingon the service condition. .

. .

In general,the results of the fatigue tests with - - ~
‘notchedspecimensindicatedthat both alloys could with—
staad a greafier..alternatingstress range withou”tthe
fornajionof fatigue,crackswhen the mean Str8SS in’th8_.
cycle was changedfrom a tensii-eto..acoapr@ssi.vest”ress.
In addition,the fatigue cracks developedat the r~o~ ‘“
of a“not,chdyidnot spread rapidly..when the mean “stress
was.coqresslve, “andno conplefiefraoturesof tfi!?sl?eci—..
neas were obtainedeven when stresses-sofiewha~ah”ove
thoserequi.redto produce cra,ckingwere.rep,ea~:ed.>0.0..
aillion tines. Thus,if a nptched menher made of this
netal were designedto operatewith the nean stress at ,?
the notchJa compressivestress~an.addit?onalfac~-o~of-
safety against.,eonpl.ete.fracture=would exist; any fatigue
cracki~ga.tthe notch co,uldprob,a%lybe detectedYY Pe?f—
gdic inbpeotiionslong.before the crackinghad develope~
to a dangerousextent. , .. . .“” - -.

It is’interestcl.ngto n.ot’e,tha~ th”ex7~5-T .allo.y.w.~s
nuch.stronger in static t ensidri a~”dhad a hjigherf<~p.~~-al
fatigue streggt~,is obtained“fro,nunno~ched speci~en.ss “
than the 25S-T alubin.unallo3’- H6weyer,.the,X76S-T-alToY
exhibiteda fairly high notch ‘sensitivity.as ipdicat”~d%y
the reduction-of..f,a,tigue and inp.actstreng$hs.ofnotched
spe.cinens,,@elowthose of the polished unnotche~,s~ec.~~ens.
When the data previouslyobtained.’for ‘nofched X76S-T.alloY
specinens.we,re,,conpar.ed with the values liste~a “in table
VIII, it was found thit tliealternating’ptress.Ta,nge~~i-ch
could be resisted without fail’~rewas.e+.actlythe Eane for
both..azI.aysif the:qean stress in the-range WQS e.$ther
zero.or.a-compres,siv+~.str””e,ssi Hq~ever~ as”’sh~wn‘in,figu~e
21.,th.e25S–T..all”oy,T,esi“sted.a .g~pateq r“~ngq;Ofa“ltk?nat-
ing stress thandid the X’76S-Tallq,~when the.-nekns,trJ6~6.. ... .
was,incyeased.i~t-ep:i.,an.. Cops:8fl.uent~y$the .2X5-Tallo~.
should.be able t.o.re,sist.slig’ht>ygre@ Sr v“ibra$or~” , “
strasses in a notche”dp“r.opell.e’~l~ade-,where the .hea-n.,..
stress is a tensile str.es.s’tthan,“theX76~-’Talloy, even..
though the latter alioy exhi-bitedgreater--stren-g~li’.i“n th~e
.fqtigu~.tesjs of ~otch.ed .s~eciimqzxs.... . 1 -.- .—.. ..... . ..... ... . . . . ..1:: ... .... ..... .J ...-... ..... .... . , .... -

“Another factor.of in.tere:st..wes the..ch-angei~”sh~-pe
n:,.

ofthe..5-N.curtre.s_as.,tli.erange.of s.t~e~s.wa’s~a.r~eda,By
comparing,the S-N.cur.v.es:’,for the.notched,“specirnqns.in
figure 15 with‘th,od.e.;iiifigures ,17 ‘and 19 ‘i.%will he ..1!“

0“

.-

-. -—

..-
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‘observodt-hat:,:,..- ,,. .
.,. .

.
(a) For tests with a compressivemean stress the”’

curves are very steep.and ar,efairly...Gtraight. . .
,.. ,., I

(b) For completxzly.reve,rsed”.kt~essthe trend“ofthe
curv’e is somewhat‘flat,ter and approac~es a horizontal
asympto~e afte~ a. large niunber o.f..c~cles. . .., . . ..

‘ (C) AS the mean ?tres~was g’radua~ly“intro’asedin
,’

“’‘tension}t:he“curv.esbecame”very flat=~.d.teadad to,reach
a fairly’definitehorizontal asymptoteat a relatively
small“number.of-cyclesin somewhat.:similar”manner to the
typicalS-N.cur.v.esfoursteels, - .

Therefahe it.is felt th,atthe endu?ancplimits listed.for
,, ‘th6notch13aspecimensand based on 10Q’million cycles of
., stresswoul”dnot -have.b-e”endecreased.appreciablyif the

t“ests“had‘been..eontinuetlto 500 million cyclesof stress,
even though tha endurancelimits.scaled ,fromthe S—N
curves of Unnotched specimensof 2.5S—Zdid show a pro- .-
nouuced“dro~between,1OQand500 .~illi.cn””c”y”ol,e~o“f“tom— ““

,’, pletiely’”rdverfied’atress. Thisfactimay alsohave direct .

app~ication id-halying’to dettn?min,ethe.useful life of
alum5numalloys fn-servicei .Thus.fo.~notchedmembers
stibjoc%~dto “a“tensilemean stressand subjectedto vi-
~rator~ sttiesees-.somewhat‘belowthe enduragpelimit as

. . determined”S&om’a test“run to a relativelysmall,number
of ‘cycleasSa~-.100’million, it would appear~likely that
such &treiSe& could-berepeatedalmost“indefinitelywith–

‘out f-’ailur”~:bf’.the.members:.”t. “, -“ .“- .. ....
.,.... .. .,-

A comyatii’don‘ofthe:endurancelimits of the various
‘unnotclied’specihe’ns(see.last-column.,table VII) indicates
there “waslittle or no eff~ct of-s~eed.of..testlqgwithin
the range “of.”speeds, tise”dih~the tests.-.Zhediffereaces
in numetiic”blvalues of th”eepdura.n~elimitsmay.be ac-
countedfor %y””~snallcliffehencesin tie.behavior:of .tho
three“ty~jesof’tie’stingmachine. an,?by slightvariations b
in differenttiatisof the same met-ala . . ~~ .., ,.,.. . ... ,.-.

The results-of+the pre~t,fessia.g“andthe.s.t.ep-up tests .
of these two aluminumalloys were not conclusivein indi-

.., c~,t img.~hateither a strengthening ,.or. a weakeningoffoct
w,as‘producedby repeatedCycies”of s.tr,Qssbelo~itbe..on—
durapc~limits l.ist.ed. !J!h6”pqest.~es~..t6,s%,s of X76S-T
did ind,icat~,that.w sl~ght stren”gb,h.ening.effoctwas.pro-
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ducod; whereas the step–up’tests of 25S–T”~roduced a.
slightdecrease in life of unnot.chedspecig,ens;an”d,the
other tests in general fell about in the no~mal“range
for unprestressedmetal. Hence, the r6sults nay he ac-
ceptadas evi”dencethat no c~ns’istontor ‘a~preciabl.e’
changein fatigue st.iengthwas &roduce”din these alloys
by repeated‘cyclesof und.erstr”ess. Row-evers the .l~rg’a
number of cycles of stress developed in understressing
each specimenduring the’step-up testsmanyhave h.adta
tenden”cyto cause any rn”icro”scopicdefectspres~nf”in a-
specimento o~en up,’.and thus’result in mere scattdh of :
the.final test data. ,“”

— -.
~~e fact.that the fatigue strength of the anodized

specimens was’ as grea,t , or slightlygre”aters than:.,th”ai
of untreatetts“pectmen.s shouldmake this metho”d“o”fsurface
treatmentvery useful for aluminumalloy members in use :
on naval air-craft,&.-&&~anodizingis alS”Qr’epo’rted.’to. have increased.th%resistanceOS aluziin~”&lloys to
pittingproduced %3 salt water spray.,. -, .,. .-.

A,p~otoel~stictest was ~ade to check ~~e thecjre~i-
cal stress at the root of the notch in the rectangular
vibratorybending specim~n.shoyn_infigur”e..4.:This .
test was made on a scale m“odelyof.&akelite t’lxree.‘tim”e-s
the size of the yrototype. ‘As”a result of the phot-oel”as—
tic stress analysis it was found that the theoi6tfcal ‘
stress over a small area at the root of the notch was”ap—
prox.imata”ly’three tiues the‘nominalflexqra’1s’tr.ess.cal–
culate&for this sectionc ., ......“..... .. .

,“.
The value of the stress concentrat.io~.fa”ctorfor the

notch in the rectangular vibratory bending specimens was
therefore3.0 fron the photoelastic analysis;where-a%’,---“’
a value Of 2.40 was obtained from the fatigue “te-.stsof”
25S-T ,suljectod to compl~etelj reversed stress. These- ‘--” -
numerical values give an indicatiofi of the rezati+-e notch
s.en’siti-vity -of the ‘metal to the damagin”g “6ff8cts ‘ofi”a
notch: ,,, .

,,
,’ . . . -—

. CONCLUSIONS. f “ . ““ .

,,,,. . .
A+ a ar.”esultof tho data obtaineCLi~ thi$ series of ‘‘

tests the “followingcoticlusiohswere‘f’orqulat’edregardin’~
the mechanical strengt~propertiesof these two aluminum
alloys:
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1. The st-aticelqsticagdultim~tq strengths.and
.

Z3ri.nnell”..hardnessof,25S-l?alloy were ~omewhatlower than
.—

the correspondingvalues for X765-T alloy.~ .

2. !Ihe,percentageelongationand reductiono: area,
and the modulus of elasticityof 25S–9?,,weresligktly
greater than the corresponding.val~es for X’76S-T. I.— I

3. The tonsileyield strength.at 0.05 yerceht offset
of the X76S-T alloy was approximately0.9 of itsultiznato
strengthan-dwas thereforeexceptioqa~~~~high ascompared
with the correspondingvalue,ofmost dqctilematerials.

—

The yield strengthof 25S–~ alloy was 0.6 of the ult~nate.
,.

4, Tensionand ‘lendingimpact tests at low tempera- -.
tures indicatedthat.the,percentageelongationand roduc--
t’ionof area and the energyabsorbedby these two metals
were not materiallyaffec%.~dby a large drop in the tern-
p’eratureof testingbelow room.t.empernture.The 25S-T
alloy exhibitedgreater ductilityand energy ab~orbing
capacityand a smallernotch sensitivityin these impact
tests than did the X’76S-Talloy. .

5. In the tension impacttests of bothmetals, a V–
notch with 0.01 inch radius at the root caused large de- .
creases in elongationin 2 inches,and in the energy
requiredYor rupture.

6. Tests of >olished,specimensof 25S-T)subjectedto
completelyreversed stress cycles.onthree differenttypss
of testingmachine and operatingat speedsvarying from
1750 to 10,000rpmt gaye endurancelimits-rangingfrom
18,000 to 20,500pounds per squareinch at 100 million
cycles of stress. Henceztherewas “no.appreci.abl,echan~o
in the endurancelimit under these conditions.asthe
Hpeed of testing was varied from 1’750to 10,000 rpm: .

7. ~he introductionof a V-~ot~h in,the ~st section
decreasedthe fatigue strengthof the 25S–3?alloy for
completelyreversed cycles of stressto between 42 and
61 -percentof the strengthof unnotchedspecimens,do-
pending”somewhaton the shape of the member tested.

8. Consideringa range of stressto be composedof ~
steady stress and a superimposed-alternatingstress,it
was found that.lasthe moan or steady stress-atthe notch
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was decreasedfrom a tensile(+) stressto a compressive
(-) stress2the total range of alternating stress that
could be re6isted.hy the notched specimens,of 25S–T with–
out causingfailure gradl.lallyincreasedfron a range of
12,000pounds per .squ~areinch for a tensilenean stress
of 16,000 to a-range of 17,000pounds per square inch for
a con~r.essivemean stress of 8500 pounds yer square inch.

9.’
,-

!i?estsof notched specimens in which the range of
stress wa”svaried indicated ,thatfor a given num~er of
cycles the 25S-T alloy couldresist a greaterrange of al—
ternatingstress than’the X7.&S-Zalloy when the mean”
stress in the oycle was,a tensile stress. When the -mean
stress was a“compressivestress”the>e was practicallyno
differencebetw”een-the e~durancelimits of notched speci-
mens of these two alloys.

Step–up and prestress tests of both 25S–!Cand ““10. ‘
X’76S-Talloys indi~ated that-the large,number of “cycles
of understre$sihg &eve-lopedin the previous stresshistory
of.these alloys had no”appreciable or consistent effect
in either raising or lowering their enduranceli?nfts. .

11. Anodizingthe sur~acq.of-specimeis~of the~e two
alloys Pro”duced-no‘ch&ge.in fatigue strength of the __
25S-T alloy~but produced a slight increasein the fa~ ,
tigue s.trengt:hof the X765-T alloy. “ .

Ih&ineerin.gZ&perirn.ent.StqtioP, . .
University-ofIllinois,

Urbana, 111.;June 8, 1843.
,.

,. ,R13mRm70~s. . ... . ., ,

.%
i)olan,ThomasJ.:,.● Effects of Range of.5tressand-of

SpecialNotches on Fatigue Properitesof Aluminum
Alloys Suitable for AirplanePropellers.“_T.Ii.
No. 852, NAGA, 1942.

,. . .

.-

.

.,
—

. . .

—

~ Hoo’re,II.3!.:-Report of the Research Comm-Ztteeon
Fatigue“of].fetals.A.S.T.l.f.Proc~Q, vol. 41,
1941, p. 133.



TA3E3 I

STATICZ3MSILlW3S~SOF25S-TALLOY .
..

[1/.2>b diameterunnotchedepeci&s infig;l(e)] ,,.

I : Yi&C&@l
Specimen

Te

T,

!cI

T2

!T3

Average

-

,.
.05ymcen:
.offseti-.:
lb/sqip:,)

.33,20?.:,

33,700 “.,..
34,4q ‘: ;

“34*4M

Y’JTp. ...,.
33J3W:”;.. ..

,. ”:,

..

).2percent
offset

[lb/sq in.)

36,090

36,~oo

37,400

37’,2~

37,100

35,100

36,600

I

Ultimate Elongation
strength~pe:.eatin ‘ercent

‘ini? h,

.1.‘lb,8qti*)i,.:” “;
,55,100

50,300

;7 ,000

.56,7oQ”

: 5G,2WI

-54,8(XI

55,~

22.0

2&.5

26.0

27.5

24.7

13.25

12.9

,,

-:
.:

.——

13.55

Rfduc-
tion o:
m-es

percew

50.5

47.1

4+7

“4%.6

46.g

.52.6

49.0

Modulus
orelae-
<~ot;b

/sqb..)

10,WO

io,560

IQ,74(i

10,400

m,Ao

Io,gio

lo,6w”

!ktioof ield
!trength(0.05
~ercentoffset)
to tensile
strm@h

0.603

-.670 -.
..’ ,.,

.603’

.607

.60+. “.
,.:.

, ;.580. “

Oonrparativeveluee for Xj’6S-T Alloy (referemelt table”I):..

Average :64,2Q0 67,200 72,500 19.2 4L6 ~ 9,690” O.aq! .

ki
0.



specimen . N25TI

Yield strength, 0,05percentoffsot(lb/sq in. ) h~, 600

Yield strength,0.2 percent offset (lb/sqin.) ~,loo

“io:?atogo’’:en’offbe’1WQ5
Ratio:

iold strength at root of notch

r
lbld strmgth of unnotched specimem at O*2 wr~ent offset 1J+5

.

‘-Ultimat’e at:e?gth (lb/sq ire.) 70,300

~tio.%rtsile strmgth of ro,ot of notch
~ensile strength ofunnotched speck

1.25

Elongation, percent in 2 in. 3.50

Ratio:
Elongation of notched speclman

I‘0.135
Elongation of unnotched spkcimm ‘i

Jktto:

,

~dd strength (O.% percen$ off@), ~Rotchd ~ec~en~~
i

T
ensile drength . ‘1

.677

47,~oc

y ,60c

1.Q2

1*44

70,70C

1.26

4.00
,

o.15b

.6&3

+6,300

jl ,440

1.39
.

1.4L

,:
;9,300

1.24

4.50

0.173

.6ig

T
IComp’ra. ,

Lvorage tive Values

for X@3-T t:
EiUo b

F

H
co

Q7,100g?,loo

52,Wo 92,500

1.41 1.31

..
1.43 ~“37

70,lqo96,700

L25 1.33

4*OO 1.$3

0.1540.09

‘6;,71 ●EMO

a“
o
d-
0

gt.
.

1
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‘TH,LE III.- STATIC TORSIONTESTS Ol?25S-T ALLOY .

lGagelength 2 in. on 0,56-in.
L-

-di~}~~mecimenshown in fig. ~G~

.

Specimen S-6

0.20percentoffset 25,800

Modulus of rupture
(lb/sq in,) 52,800

Modulus of elasticity
(1000 13/sq in.) - 4,090

Ratio:

Yield strength(O.05%.—.—— offset) o●423
Modulus of rupture

22,400

26,000

52,300

4,190

0.428

s-103

23,100

26,100

52,800

4,020

0.438

22,600

26,000

52,600

4,100

9.430

Values
foralloy
X765-T

39,500

63,600

4,060..

.

0.621

—. —
. .

—



~E4 IV.- TINSJ.ONlHPACT TESTS AT#%0 F

lher~ to rupture

(f t-lb)
btio of
Collll?m7 t(
column 6

Ratio of
column 4 to
column3

Elongation in
2 in., pco..’oeiedj

Nd.uction of

area, percent

Hot chwla

(4)
—.

20.3

22,7

20.b

Jot@led

(7)——

(3)

5.0

5.0,

. . .

Unnot chbd

(1)

Unnotchedy

(3)

49.7

:37.6

44.9

,40.6

40.4
-.

42:6,.

42.0

2%.0

‘42,4

35.9 .,,.
37.6

37.2

Notched

(2)

N42

X52

IT53

Unnotad.

(6)
—.

15.5

13.0

16.5

15.0

15.0

Unnotched
..

(9) —-(5) (g)

u42

Wjl

U53

U&i.

U&l

‘ “5.0Average

ly”

13B

13C

UIAA

U16B

L.vorage

‘“ .49621..1 15.0 ●333
-

9.0

7.0

10.5

9.5..

9;0
——

‘!J.g

,.. .

35;0. , .,,;
.,, ..,,.,-jq*,~“. “:. ;

3$1.8 to
.— ol

9.0 l.g
-

%nnotchod specimens de those tithout abrup~ change in section, as shown. in figure ~.
%-notch eyociyn m ehwn in fi~-e r

7 4}3Spocimon broko t ond of gago le~th.

I
1
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.,.

. .

.“Specimen

Unnotched

U41’

U%3

ii52”’

Average

K@

lp

IF

AveragO

Otched

(2)-

N41

K43

m

W V.-!lZZWIONIMPAO!CT& N -40°F
/,

Energy to rupture
(ft-lb)

Unnotchedl Notcheda

(3)“: (q

,49.9,‘ 2k6

9.4 26.5

47.2 “ 24.X

4$3,1- 25.~

.41.? . ~~ ,,.,.1.

33.6. . . .,.’! .
36.$. , .,,.j

(5)

,. ,,

Elongation” in
2 k; percent

+

Wxlotoho Ow

(6) ( )

17.0 . 6.0

i7.o “t” 6.5.

7.5

9.0 .

I

g.7 I 1.8

Batio of
column 7 to
mu.unn 6

(a)

,..

.35+

“Reduction of

#
aa, potcent

Unuotched

(9)”’

!5.9::”- .

y4.6”

.

W
m

.,

p.

2:
50;5“ .;:

47.0 5w.
oP---1-.:

40.0

%’.notohepedmenas shown in fi~re @ v

,. .,

. .

.,

ii
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. TABLE Vi.“–CHtiY “BENDlNG.IiiPAGT-i%t$ 25s+! ALLtiY’““”
.. . . . . ..-

~usini’i~~otch sp”;cirnen”-s~own. in-~igure ‘@j” ‘“ ; ““ -,.. .. . . . .-.
. .

“Sp6cimen Energy absorbed~
(ft–lb)

“.

Comparative -
values for X’76S-T

,,

Tes’ttemp;
(“Y)
,,. alloy (ft–lb) ... . .

63.3
.—- .-

12A.

11A

12B “

1111.

113

12C!

llC

70 . . .
. .

7’0.’“. 22:1
38*2 ‘

28.3
= 38.0

,,

‘.
,.

!,

-.

,..’
9.1

. .

. . .
,’, .’70“ . .

. . .
.

. .7Q,
7

Average

30 29.0
‘,”

51.6

38.2

-.. , .. . . . .

. . . .....

,.

30

30
. .

.

9,1
.—

Average = 39-6

53.4

35-8

24.1

33.5

–40

-40

12.3
–40

Average 36.7

18.8

20.7

27,6

113

llG

12Y

–?0
.

-? o

–7 o .8.8.

Average

.

——
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TA3LE;YII.- E~~AN~E’LLItiZWS:ub~:-UNNOTCHEDSi?EkiilEfiS”OF

25S-1 ALLOY.J?I’THCOMPLETELYR3VERSED STRESS‘OYCLE

Machine”’,- :“ ~.,.‘.
,.

Rotating cantileve;
beam (See fig. ~>y

Vibratorybending .
(see fig. 4(4)

.,.

specimen specimen
at test ““at test
section..“ section

I (in. )

k’Ouna 0,26

‘$’”. .
ound “ - .~*14

1ectangu,lak

... . .
,..

r

.’

. .
,. .

Endtiranc
for’

107cycle&

—-

24,000
..,

27,000

22;000

..

,.

‘T—.
19,000 16,500

20,500 17,500

18,000 —
-.

.-

..-

.

.’

,

-.

.

. .

.
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TABLE VIII.- llFFllCT OF RAlT(33OF SWK8SS

NOTCHZD.SPECINEKSOF 25SAY“ALLOYAT 100,,. ...
. ,,

.,

~ype o.fs.t’iess,,:
.. variation - -

+4,000 (lb-~s~in”.) to
maximum in-corny
pressiom ~

Completely“reversed

- zero to maxinu~ in
tension

. .
+5,000 (lb/sa”irl.”)to
,maximuu.t.n-tensiou

+--lQ,OOO (.~b/sqin.)to
maximum in tension

,’
1.1aximum”
stress
in cycle,

~(lb~sq in.,:
_fimax

. . .

,. 0

+4,000

..+’7,500
,.

+13,500’
,.... ”..,.

+18,000
* .,

+22,000

Ho.:9.14

MILLION.CYCLES OF STRIMS*

stress
in cycle

-17’,000

–12,000

– “7,500

,,, 0

.,,
+5-$000

+-10,000—

Mean stress
in cycles
(1~/sqin.:

-8,500

(’j,

+6,750’
.. ....,,. .

+11,500

-I-16,000

.—

.

Total al- _
ternating
stress .—

* l:~::e!i..)
6max-snin

17,000

“16,000”-— —

15,000 .

13,500

13,000

12,000

*Plus stress es$ are tension; minys stresses .ar.e compression.0,. .,.,“
,. .-

.,

.

.

.,.

. .

,. . ,.
,,

..
, —..

,.
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~:~BL~”Ix’+ i~suz!is-ox. 3!I?.3KI?-WP!23s52s - .“ __
.,

.-—

I Strass it ‘Incr’ehe”lit1 ~cle.s ‘MaximUn .Cyclt?s.tclL!rot&l
Speci–I Start of stress.
‘en (lb/sq i~.) (lb/sq in.)

at each stress fracturo f o’f
stress ‘“‘befor’e Iat maxi- cyc Ics

, -<’tiillioqs)failure.,..,, mum run
(.lb/sqin.) stress (nlil-‘. .,.“ (millions)Ilions;

.’..——. .,

.—----- —

Z!63
12B
!l?43
T5a
T4n

103
T6C

25S—T alloy., unn,otched0.14.in@diam@%pecimons

‘T ‘

4..
10,COO’””. 2000”“,. - 100 22,000 72,“8 584
14,00G 2000 100 2G,000 94.0 ““/ 405
15,000 2000 100 : 23,000 18.5 . 42(j
16,000 2000 100 20,000 92.0 292”

2000 - 100 :16,000 “ 2.0,000 41.9 275

1.6,000 1 -
1

1000 100 20,000 8.9 434
17,000 1000 100 20,000 48:8 360

,-

25S-Z alloy, notched 0,30 i&diam&pecim”ens ‘“-’-’

1

RN9 4,000 . 2“000 . 100 : 12,000 “ 1.4 409
RITll 5,000 2000 100 : 11,000 31.6 Z47
RN1O ‘7,000 10GO 100 : 14,000 O,g 733

...._——-

x7&5-i alloy,unhotchdd 0.14 ia}~iamr~pe.imens-.—

2373 13,000 2000 100 : 24,000 25.7 353
E7A 20,000 1000 100 26,000 24,’7 648
3.6A 21,000 1000 100 25,000 64.3 495

—

P)-/ “-
X7GS-T alloy, notchod 0.30 ink diam: spocinens.—

R68N11 8,000 1000 100 : 11,000 82.8 389
RG8N9 .’3,000 1000 50 10,000 6.0 11s
R68n8 4$000 1000 10 11,000 3.4 1.01

.
.-

.
—

. ..—
.-.

.-—

—

. . .

.

.

.



.

FIG. I SPECIMENS FOR STATIC TESTS

(o) Static tenslan - unnotched

“---
(b) Stattc h’m!.cn - na?c.+ed

(c) Static tardon

—. -

FIG. 2 SPECIMENS FOR IMFACT TESTS

(a) Tenelle impact - unnotched

(b) Tensile impact - natched

“ &z”------log,

(c) Charpy impact bending

I
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FIG.3 SPECIMENS FOR ROTATING BEAM

FATIGUE MACHINES.

-0.37$ “ ~ 0.260”

-%3%7
(a) Unnotched specimen

r=

(b) Small, urmotched specimtm

--
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FIG.4 SPECIMENS FOR

FLEXURE FATIGUEMACHINES

I I
(a) Rectangul~,
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uMOtCIWd .5p.SChOn

I I1
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(b) Rectangular, natclwd specimen
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(c) Notched specimen
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NACATeahnicIal NoteKo.914
,

~igo. 5,6,7

.

Figure5.–Krouserotatingbeamfatiguetesting ma~hine.

Figure6.-Smallhigh speedfatiguetestingUahine.

Figure?;=Krouseflatplatefatiguetesting

—
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FIG. 8 a
g

STATIC TENSILE TESTS — 25 S-T ALLOY ‘ +

LOWER PORTIONS OF STRESS-STRAIN DIAGRAMS e
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NACATeohnioalNoteI?o.914 Figo9

.

b

FIG.9 STATICTENSILE TEST–25 ST ALLOY _ -
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FIG, I I c1
>

STATIC TORSION TESTS — 25 S-T ALLOY
~
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NACATechnicalNoteNo.914 Figs.12,13
FIG 12

RESULTSOF TENSIONANDBENDINGIMPACTTESTS
,

L8gend:
_ *S-T AUm
~ X769-T~~

TESTSAT ROOMTEMP. TESTS AT ‘40° F.
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FIG. 14
ROTATING BEAM FATIGUE TESTS

OF 25S - T ALLOY

Using SmIIll High - speed. Machines At 10,000 r p m

*
CYCLES FOR FRAOTURE, N

FIG. 15 z
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VIBRATORY BENDING FATIGUETESTS +

OF 25S - T ALLOY $
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FIG. 17 z

VIBRATORY BENDING FATIGUE TESTS ~

OF NOTCHED SPECIMENS g

Spedmens of typn shwn In fig. 4b.

FIG. 16 23S-T ALLOY ~

ROTATING BEAM FATIGUE TESTS

OF X76%T ALLOY

Using SmoIl High-Spwd Mnc+iIMs At 10,000 R PM
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I?A(5ATechniealNoteNo.914 rig.18

...—-. = “.*”-----*--

(a)After18million~y~lesof stressj“ r-e frQm.+’4ooo ‘o
-16000 lb/sqin.

(b)After36millioneyolesof stressj r-e from,+>~OO”to
‘14000 lb/sqin.

(o)A ter64millioneyolesof stress!rangefromO to
717500lb/sqin.

Figure18.-(lracksformedatrootofnotohinspeoimensof
25S-Talloytestedincompressivestressoyoles.
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. FIG, 19

VIBRATORY BENDING FATIGUE TESTS

OF NOTCHED SPECIMENS

Speciins of type shown in Fig. 4b.
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FIG.21

EFFECT OF MEAN STRESS ON MAj(/ 17ilf j

SAFE ALTERNATING STRESS RANGE FOR 100

MILLION CYCLES.

FIG. 22

EFFECT OF PRESTRESSING ON FAT

STRENGTH Oi 25S -T ALLOY

GUE

Specirmn 3-b teeted in

Small High- Speed Machines At IQOOO R P M
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FIG,

FIG. 23
UNDERSTRESSiNG

EFFECTOF PRESTRESSINGON FATIGUE OF 25 S-T ALLOY :
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